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Wet-Bulb Temperatures and Wet-Bulb Depressions 
in the United States and Southern Canada 
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ABSTRACT 
MAPS of mean wet-bulb temperature isolines and mean wet-bulb depression isolines (and their 
standard deviations) for the U.S. and southern Canada 
were drawn for each month of the year using weather 
data from 140 observing sites. Map isolines use degrees 
Celsius units. 
INTRODUCTION 
Schmidt and Waite (1962), developed U.S. maps of 
isolines of mean monthly wet-bulb temperatures and 
mean wet-bulb depressions (and their standard 
deviations). These maps allow rapid estimation of 
weather parameters for design. They were drawn in 
degrees Fahrenheit by using weather data from 82 U.S. 
Weather Bureau stations. Average length of records was 
10 years. These maps have been included in ASAE 
Standards since 1967 (ASAE, 1986). Another source of 
weather data for design is the ASHRAE Fundamentals 
Handbook (ASHRAE, 1985). 
The objective of this project was to develop a set of 
maps similar to those in Schmidt and Waite (1962) but in 
degrees Celsius and using more extensive weather data 
observed over a larger area of North America. 
WEATHER MAPS 
The accompanying set of maps of the U.S. and 
southern Canada show isolines of mean wet-bulb 
temperature, mean wet-bulb depression, and their 
standard deviations, in degrees Celsius for each month. 
Weather data 
Weather records were obtained from the National 
Climate Data Center archive of NOAA, (National 
Oceanic and Atmospheric Administration). The maps 
are based upon hourly weather observations which 
include psychrometric data from 127 NOAA and military 
sites in the U.S. and 13 weather observation sites in 
southern Canada. Fig. 1 shows site locations. Table 1 
lists site locations and years of record. 
Compared with the previous study by Schmidt and 
Waite (1962), this represents a 55% increase over the 
previous 82 sites used in the U.S., plus the addition of 
southern Canada sites which extend information 
northward to The Pas, Edmonton, Prince George, and 
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Fig. 1—Location of observation sites. 
eastward to North Bay and Ottawa. The increased 
station density is fairly uniform, but with somewhat 
greater density east of the Rocky Mountains. 
The average length of wet-and dry-bulb U.S. station 
records was 21 years, about twice that of the previous 
(1962) data analysis. The length of weather records in the 
U.S. varied from 8 to 35 years. The Canadian site 
records varied from 9 to 20 years and averaged 12.3 
years. 
Analysis procedure 
The summary and analysis of the psychrometric dry-
bulb and wet-bulb temperatures provided the means and 
standard deviations of dry-and wet-bulb temperatures. 
The tabulation of wet-bulb depressions were arrayed in 
17 classes against dry-bulb temperatures in summary 
format. The summaries of the wet-bulb depressions were 
analyzed to provide wet-bulb depression means and 
standard deviations by month from the known numbers 
of observations each month. 
The professional hand-drawn analysis allowed for 
review of each data point, compared to surrounding data 
for accuracy. The variable length of utilized records did 
not appear to influence computed means and standard 
deviations nor create discrepancies in the map analysis. 
Use of hourly weather observations in this map series 
as compared to the use of 6-hourly synoptic data in the 
1962 synoptic analysis did not result in large differences 
in the mean wet-bulb and wet-bulb depression isolines. 
The variations from the original analysis are primarily 
due to the doubling of record length, addition of 
southern Canada sites and substantial increase in the 
number of data sites used which allowed for greater 
analytic precision and detail. East of the Rocky 
Mountain range the wet-bulb temperature isoline 
configurations were similar with variations rarely 
exceeding 0.5 °C, or 40 km but on occasion variation was 
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TABLE 1. METEOROLOGICAL OBSERVATION SITES AND NUMBER OF YEARS DATA 
Locations, U.S.A. Years 
Huntsville, AL 9 
Mobile/Brookley, AL 27 
Montgomery, AL 35 
Phoenix/Luke, AZ 25 
Tucson/Davis, AZ 32 
Yuma Prvg. Grounds, AZ 30 
Little Rock, AR 17 
Fresno, CA 23 
Imperial Beach NAAS, CA 33 
Montague Siskiyou, CA 17 
Sacramento/McClellan, CA 33 
Colorado Springs, CO 25 
Grand Junction, CA 10 
Homestead AFB, FL 14 
Jacksonville NAS, FL 33 
Keywest, FL 33 
Orlando/McCoy, FL 17 
Panama City/Tyndall, FL 30 
Tampa/McDill AFB. FL 31 
Albany NAS, GA 31 
Atlanta/Dobbins AFB, GA 32 
Savannah/Hunter AFB, GA 23 
Boise, ID 24 
BeUeville/Scott AFB, IL 35 
Chicago/O'Hare, IL 18 
Moline, IL 10 
Rantoul/Chanute AFB, IL 34 
Bunker Hill AFB, IN 22 
Columbus AFB, IN 23 
Mason City, lA 10 
Des Moines, lA 24 
Sioux City, lA 21 
Dodge City, KS 10 
Goodland, KS 10 
Topeka/Forbes, KS 27 
Wichita/McConnell, KS 26 
Fort Campbell, KY 24 
Fort Knox/Godman, KY 34 
Alexandria, LA 20 
New Orleans NAS, LA 20 
Shreveport/Barksdale, LA 28 
Brunswick NAS, ME 33 
Limestone/Loring AFB, ME 16 
Andrews AFB, MD 23 
Bedford/Hanscom, MA 24 
Battle Creek, MI 8 
Houghton, MI 23 
Kinross/Kincheloe, MI 17 
Locations, U.S.A. Years 
Mt. Clemens, MI 29 
Oscoda/Wurtsmith AFB, MI 20 
Duluth, MN 19 
International Falls, MN 10 
Minneapolis, MN 25 
Columbus, MS 20 
Jackson, MS 10 
Grandview/Richards, MO 14 
Knobnoster AFB, MO 16 
Springfield, MO 10 
Billings, MT 22 
Butte, MT 10 
Cutbank, MT 10 
Glasgow AFB, MT 9 
Great Falls, MT 29 
Grand Island, NE 10 
North Platte, NE 10 
Omaha/Offut AFB, NE 20 
Las Vegas/Nellis AFB, NV 25 
Tonopah, NV 20 
Winnemucca, NV 10 
Trenton, NJ 20 
HoUoman AFB, NM 24 
Kirkland AFB, NM 24 
Stewart AFB, NY 26 
Niagara Falls, NY 12 
Rome/Griffis AFB, NY 33 
Cherry Point MCAS, NC 33 
Elizabeth City, NC 21 
Pope AFB, NC 35 
Bismarck, ND 23 
Fargo, ND 20 
Minot, ND 17 
Akron, OH 10 
Columbus, OH 23 
Toledo, OH 21 
Altus, OK 16 
Enid/Vance AFB, OK 28 
Fort Sill/Lawton, OK 31 
Burns, OR 10 
Pendleton, OR 10 
Portland, OR 24 
Middleton AFB, PA 29 
Pittsburgh, PA 24 
Quonset Point, RI 28 
Myrtle Beach AFB, SC 27 
Sumter/Shaw AFB, SC 31 
Pierre, SD 23 
Locations, U.S.A. Years 
Rapid City AFB, SD 25 
Sioux Falls/Foss, SD 17 
Bristol, TN 10 
Knoxville, TN 10 
Memphis NAS, TN 33 
Smyrna AFB, TN 21 
Amarillo, TX 20 
Austin/Bergstrom, TX 21 
Big Springs AFB, TX 30 
Del Rio/Laughlin AFB, TX 30 
El Paso/Biggs AFB, TX 20 
CarsweU AFB, TX 31 
Houston/Ellington, TX 27 
Laredo AFB, TX 21 
Cedar City, UT 10 
Ogden/Hill AFB, UT 30 
Brulington, VT 20 
Richmond, VA 19 
Roanoke, VA 10 
Spokane AFB, WA 34 
Tacoma, WA 32 
Oak Harbor, WA 22 
Elkins,WV 10 
Charleston, WV 9 
Green Bay, WI 9 
Madison/Truax, WI 22 
Milwaukee, WI 23 
Casper, WY 10 
Cheyenne, WY 18 
Rock Springs, WY 10 
Sheridan, WY 10 
Locations, Canada Years 
Calgary, Alberta 10 
Edmonton, Alberta 10 
Comox, British Columbia 10 
Prince George, B.C 10 
The Pas, Manitoba 17 
Winnipeg, Manitoba 10 
Greenwood, Nova Scotia 10 
North Bay, Ontario 17 
Ottawa, Ontario 20 
Stirling, Ontario 9 
Toronto Intnl., Ontario 17 
Moose Jaw, Saskatchewan 10 
Saskatoon, Saskatchewan 10 
as great as 1 °C. However, westward over the Western 
U.S. mountains to the Pacific Coast line the additional 
sites, coastal water temperature differences and general 
topographic considerations resulted in some isoline 
displacement upward to 2 °C and on rare occasion to 4 
°C. In general, isoline configurations were quite similar 
to the original series. 
Wet-bulb temperature depression isolines usually 
varied from the 1962 maps little; variations were usually 
less than 0.3 °C but an occasion varied upward to near 1 
°C particularly along coastal areas, border areas or over 
the Western U.S. The variations may be in part a result 
of the longer time period which tended to present the 
longer smoothed periods rather than, for example, the 
droughtness of the 1950s over the Southwest to Central 
U.S. or similar persisting anomalous conditions affecting 
wet-bulb depressions. 
Influences of Topography 
The analysis took terrain influences in account in a 
general manner, but without numerous data points 
detailed analysis could not be accomplished. In the same 
manner the general coastal climatology was observed 
when drawing the isolines, taking into account coastal 
water temperatures and atmospheric moisture content. 
Most of the data was obtained from airport locations 
which are usually rural or semi-rural and, therefore, the 
data are usually urbanized only slightly by the runways 
and normal airport activities. Rural areas tend to have 
lower temperatures and smaller wet-bulb depressions. 
Urban areas with lesser vegetation, and more paving and 
buildings tend to heat to higher temperatures especially 
by day. Rainfall runoff is much higher as are wet-bulb 
depressions. 
Temperature Ranges 
Dry-bulb and wet-bulb daily temperature ranges, 
while generally in phase, differ in amplitude. Both the 
dry-and wet-bulb temperatures normally vary from 
minima near, or shortly after, sunrise to maxima at or 
near mid-afternoon. For example, over most of the U.S. 
corn belt region, the daily dry-bulb temperature range is 
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about 10 to 12 °C and wet-bulb range is about 3 to 4 °C, 
or about one third the amplitude of the dry-bulb 
temperature. As a consequence, the wet-bulb depression 
varies by 6 or 8 °C during the typical day. Over the drier 
U.S. steppe and desert regions, the daily dry-bulb 
temperature range increases to near 20 °C. Particulary in 
the dry Southwestern U.S., the wet-bulb temperature 
ranges increase to as much as 8 °C at Reno, NV, and 10 
°C at Elko, NV, during the warmer months of the year 
(Albright, 1947). Conversely, coastal regions along large 
water bodies report reduced wet-bulb depressions due to 
reduced temperatures and increased moisture. Large-
city effects increase the wet-bulb depression somewhat 
over the surrounding countryside, due to higher 
temperatures and reduced evapotranspiration in 
metropolitan areas. 
Standard Deviations 
Standard deviations for this set of maps increased 
appreciably in magnitude over those in the earlier (1962) 
series. Standard deviations were computed for hourly 
temperature values about the average of the monthly 
means for the years of record. In the 1962 series, 
standard deviations were computed for the monthly 
means about the average of monthly means for the years 
of record. Introduction of variations resulting from dry-
bulb and wet-bulb temperature daily ranges increased 
monthly standard deviations generally two-to four-fold 
and, therefore, better describe daily variations 
throughout each month. However, the 1962 map series 
better describe the year-to-year variations of the monthly 
averages. 
Use of Standard Deviations Lines 
Use of standard deviation to estimate the probability 
of occurrence of values different from the mean is based 
upon an assumption of normal frequency distribution. 
Frequency distributions of wet-bulb temperatures and 
wet-bulb depressions did not indicate significant 
departures from normal, although the distributions were 
skewed to the right and somewhat flat-topped. This 
places some limitations on the accuracy of standard 
deviations and resulting probability statements as well as 
their ability to provide precise results. However, 
information in the maps is believed to be the best 
available for estimating daily or other short-term 
temperatures. 
An example will illustrate use of standard deviation 
isolines. For October in Central Iowa, the mean wet-bulb 
temperature is 8 °C with a standard deviation of 5.5 °C. 
Assuming variations are normally distributed, about 
68% of the hourly temperature readings during October 
will be within one standard deviation of 8 °C (between 
2.5 and 13.5 °C). About 95% of the hourly temperature 
readings will be within two standard deviations of 8 °C 
(between -3 and 19 °C). Estimation of the range of 
hourly temperatures during the month is of value in 
applications like environmental control of buildings 
where the systems are responsive to short-term 
temperature fluctuations. 
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